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T366A rescues over-expression of constitutively active AMPylating Fic E247G 
90
To test the hypothesis that BiP is a critical target of Fic AMPylation in vivo ( Figure 1A) , 91 we designed and generated transgenes expressing wild-type and AMPylation-resistant FLAG-92 tagged BiP proteins under control of the endogenous BiP promoter (Figure 1-figure  93 supplement 1A). BiP null fly mutants die early in development; this lethality is rescued by 94 including a copy of the genomic transgene expressing FLAG-BiP WT or the AMPylation-resistant 95 FLAG-BiP T366A mutant ( Figure 1B ). We will refer to these rescued flies as BiP WT or BiP 
AMPylation of BiP is necessary for maintaining vision 130
The findings that BiP is a target of Fic in vivo and that silencing UPR pathway 131 components enhances the severity of the constitutively active AMPylating Fic E247G -induced 132 rough-eye phenotype prompted us to assay the physiological effects of cellular stress in flies 133 lacking BiP AMPylation. To do this we utilized flies that are either null for fic (fic 30C ) or express 134 the AMPylation-resistant BiP T366A instead of wild-type BiP. By using this strategy, we are able to 135 discern BiP AMPylation-specific changes from other potential changes that are due to as-yet-136 unknown targets of Fic AMPylation. 137
As previously reported in ERG recordings, fic-null flies display a reduction of the initial 138 response (termed the ON Transient, Figure 3A) (Figure 1-figure supplement 2) . Of note, we used an eye-specific 142
RNAi construct against white to minimize any effect of the mini-white gene used as a marker in 143 these BiP transgenes. When we compared ERG traces of fic 30C and BiP T366A flies in white+ (red 144 eyed) backgrounds, the reductions in ON transients were no longer detectable (Figure 1-figure  145 supplement 3). This is likely due to the previously established protective effect provided by the 146 red pigment in white + flies. respond to the light pulse after 72 hours of LL (Figure 3-figure supplement 1) . Thus, Fic-166 mediated AMPylation is required to maintain vision acuity under LL conditions. 167
We next designed experiments to test whether these functional ERG changes in flies 168 lacking AMPylation reflected light-induced neurodegeneration or a failure to adapt to constant 169 stimulation. First, we asked if the LL-induced ERG defects of BiP T366A and fic 30C flies were 170 reversible. We reared mutant and control flies for 72 hours in LL followed by 72 hours of 171 recovery in LD (referred to as "Rec"; Figure 3B ). This recovery period was sufficient to restore 172 both healthy OFF transients and SNPs in BiP T366A and fic 30C flies (Figure 3C & D) . Second, we 173 asked if the intensity of the light would exaggerate the defects of BiP T366A and fic 30C flies. 174
Exposure of mutant or control flies with 5000 lux, instead of 500 lux, did not alter the severity of 175 ERG defects, indicating the changes were not simply a reflection of the increased amount of total 176 light exposure during LL treatment (Figure 3-figure supplement 2) . Third, we asked if 177 prolonging the LL stress would alter the reversibility of these defects. Mutant flies reared under 178 LL for ten days retained the capability to recover healthy ERG traces after only three days onLD, indicating that photoreceptors are not dying but maintained during prolonged light stress 180 (Figure 3-figure supplement 3) 
BiP
WT controls, displayed severe defects in the integrity of rhabdomeres, the microvilli-like 190 membrane structures that house the phototransduction cascade ( Figure 4B) . After a three-day 191 recovery at LD, the rhabdomeres were nearly restored in both AMPylation-deficient mutants 192 ( Figure 4C ). To quantify these structural changes in large cohorts of flies, we assessed flies for 193 the presence of wild-type "deep pseudopupils" (DPP) (Figure 4D) . Visualization of the DPP 194 affords an assessment of rhabdomere structural integrity in living flies (Franceschini & 195 Kirschfeld, 1971) . Consistent with the TEM data, 3 days of LL caused loss of DPP in fic 30C and 196
T366A , and DPPs returned after a 3-day recovery ( Figure 4D ). This suggests that proper 197 regulation of BiP through AMPylation is required for maintaining both function and structure of 198 photoreceptor cells. 199 
Generation of genomic BiP transgenes 336
BiP cDNA sequence were subcloned into a pAttB vector and a 3X-FLAG tag was 337 inserted after the N-terminal signal sequence. To create the T366A and T518A mutations, 338 gBlocks (IDT, Coralville, IA) for the mutant sequences were synthesized and subcloned into the 339 pAttB_genomic BiP vector via NEB HiFi Assembly Kit (NEB, Ipswich, MA). These constructs 340
were sequence-verified and injected into embryos (BestGene, Chino Hills, CA) for insertion at 341 the 89E11 landing site. Expression levels of FLAG-BiP transgenes were determined with 342 western blotting. In brief, fly heads were homogenized in lysis buffer (10% SDS, 6M urea, and 343 50mM Tris-HCl, pH 6.8+ 10% DTT), sonicated for 5 min, boiled for 2 min, and centrifuged for 344 10 min at 10,000 g to remove debris. 10µL were separated by SDS-PAGE and transferred to 345 
Fly rearing conditions 358
All flies were reared on standard molasses fly food, under room temperature conditions. 359
For light treatments, flies were collected within one to two days of enclosing, and placed in 5cm 360 diameter vials containing normal food, with no more than 25 flies, and placed at either LD (lights 361 ON 8am/lights OFF 8pm) or LL. ERGs, head dissections and behavior assays were performed 362 between 1pm and 4pm. The same intensity white LED light source was used for both conditions 363 and flies were kept the same distance away from the light source, which amounted to 364 approximately 500 lux. LD and LL treatments were done at 25°C. For the UPR and Fic ERGs were recorded as previously described (Montell, 2012). Glass electrodes filled with 388 2M NaCl were placed in the fly thorax and surface of the corneal lens (recording). A computer-389 controlled LED light source (MC1500; Schott, Mainz, Germany) was pulsed for 1s at 4s threshold was applied, and a mask was created for every image in a batch of staining. Within a 1-463 µm optical slice, the retina and lamina regions were selected manually using an Actin stain and 464 assigned as Regions of Interest. The integrated pixel intensity per unit area was measured within 465 this selected area, redirecting to the threshold mask. In each fly, four sequential optical slices 466 were quantified and averaged. For each genotype and treatment, four flies were quantified from 467 two independent biological replicas for a total of eight flies. Data was normalized to the wild-468 type LD control for each replica. Outliers of greater than three standard deviations were omitted 469 from the analysis. 470
Yeast plasmids and strains 472
Yeast genetic techniques were performed by standard procedures described previously. 473 (Sherman et al., 1981) . All strains were cultured in either rich (YPD: 1% yeast extract, 2% 474 peptone, and 2% glucose) or complete synthetic minimal (CSM) media lacking appropriate 475 amino acids with 2% glucose. Yeast were grown to log phase, serially diluted, and spotted onto 476 agar plates to assay fitness and temperature sensitivity as previously described (Tran et al., 477 2007) . 478 DNA fragments of KAR2 was generated by PCR amplification of the endogenous KAR2 479 gene using the primers 5'-GCATCCGCGGATACTCTCGTACCCTGCCGC-3' and 5'-480 ATGCGAGCTCCGTATATACTCAGTATAATC-3'. Plasmid pKAR2:LEU2 and pKAR2:URA3 481 were generated by subcloning genomic DNA fragments containing promoter and coding 482 sequence of KAR2 into the SacI and SacII sites of pRS315 and pRS316, respectively. show means +/-SD. ****, p < 0.0001; ***, p < 0.001; **, p < 0.01; *, p < 0.05; n= 24 flies for 735 each genotype/condition, pooled from three independent biological replicas. 736 
